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ABSTRACT

Taxonomic position of 47 medicinal plants from tropical rainforests

yielding clinically useful drug derivatives is described. Therapeutic

categories of the drug derivatives from these plants are mentioned.

These plants belong to 46 genera in 3 1 families of angiosperms and

yield more than 100 derivatives. Families Apocynaceae, Fabaceae,

Rubiaceae and Solanaceae included four species each, followed by

Acanthaceae, Asteraceae, Brassicaceae and Lauraceae having two

species each of medicinal plants. The remaining 23 families, including a

monocotyledonous family Arecaceae, had one species each of medicinal

plants. Exploitation of rainforest plants may provide further drug

derivatives that will alleviate or correct every known human ailment.

KEYWORDS:Rainforests, medicinal plants, taxonomy, drug

derivatives, therapeutic categories.

Tropical rainforests are green, lush forests that support a tremendous

amount of species. These forests are typically located within a narrow

band four degrees either side of the equator. Although it is the Amazon
rainforests that spring most readily to mind, it is
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important to remember that they are also found in parts of central

and south America, Africa and Madagascar, south and southeast Asia,

New Guinea and Australia, the Philippines and Malaysia, and Hawaii

(Alio, 1996). All these rainforests are located near the equator, but

each of these forests is separated by thousands of miles and is unique

(Terborgh, 1992). Tropical rainforests are mainly the product of climatic

interactions, particularly temperature and rainfall. High temperatures

in the rainforests cause high evaporation that result in frequent rain. In

general, tropical rainforests occur where a mean monthly temperature

between 20 and 28° C is combined with an annual rainfall between 1.5

and 10 meters, evenly distributed throughout the year (Terborgh, 1992).

Rainforests play an important role in the climate of our planet by

having an effect on the wind, rainfall, humidity, and temperature. Within

the rainforest, water, oxygen, and carbon are recycled. This natural

recycling helps to reduce flooding, soil erosion, and air pollution. The

rainforests support over one half of the plant and animal life on earth

(Terborgh, 1992). While tropical forests only constitute about 7%of the

earth's surface, they account for 50-80% of the world's plant species.

These forests, with their mighty trees and extraordinary flora and fauna,

constitute the planet's richest habitats, and one of our most precious

natural resources (Alio, 1996; Terborgh, 1992).

Rainforests contain an amazing abundance of plant life. About one

hectare of Amazon rainforest is believed to house approximately 900

tons of botanicals. Approximately one fourth of the pharmaceuticals

(medicines) we use come from plants of the tropical rainforests (Duke,

1997; Foster & Duke, 1990; Joyce, 1994; Moerman, 1996). It is exciting

that scientists and researchers have begun to uncover the medicinal

properties of rainforest herbs and flora (Famsworth, 1988; Iwa et al.,

1999; Joyce 1994). Nature has provided us with a treasure of herbal

remedies-secrets that offer new approaches to health and healing. It is

interesting to note that 70%of the plants from which we derive medicines

that are effective in the treatment of cancer can only be found in the

rainforests (Taylor 2004).
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Classification of medicinal plants is organized in different ways

depending on the criteria used. In general, medicinal plants are arranged

according to their active principles in their storage organs, particularly

roots, leaves, flowers, seeds and other plant parts (Athar &Ahmad, 2004;

Athar & Nasir, 2004; Athar & Siddiqi, 2004; Duke 1997; Moerman,

1986, 1991, 1996). These principles are valuable to humans for treatment

of different diseases (Ebadi, 2002; Palaniswamy, 2003; Ross 2003).

This paper describes the taxonomy of medicinal plants from tropical

rainforests and summarizes the therapeutic category of the useful drug

derivatives obtained from them.

MATERIALSANDMETHODS

A literature search was conducted to determine medicinal plants

from tropical rainforests (Arvigo & Balick, 1993; Duke, 1997; Ebadi,

2002; Famsworth, 1988; Foster & Duke, 1990; Iwa et al., 1999; Joyce,

1994; Moerman, 1986, 1996, 1996; Palaniswamy, 2003; Schultes &
Raffauf, 1990; Taylor, 1998, 2004; Werbach & Murray, 1994), and their

taxonomic position was determined. Only those plants were reported

which were frequently mentioned in the literature. The genera were

arranged alphabetically within families. The scientific and common

names are provided that are generally associated with these plants. It is

pointed out that commonnames are very imprecise and often assigned to

completely different plants, so the scientific name should be used when

looking for additional information concerning a plant. The paper also

summarizes the therapeutic categories of the useful drug derivatives

obtained from these plants. The nomenclature and classification followed

Bailey & Bailey (1976), and author citations followed Brummitt &
Powell (1992).

RESULTSANDDISCUSSION

The taxonomic position of 47 medicinal plants from tropical

rainforests yielding clinically useful drug derivatives is presented in

Table 1 . It lists the more important medicinal species, including those

from which many of our prescription drugs are derived. These species

belong to 46 genera in 3 1 families of angiosperms and yield more than
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Table 1. Taxonomy of plants from tropical rainforests yielding clinically

useful drugs and their therapeutic categories.

Species
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Apocynaceae
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Caricaceae
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Olacaceae
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Simaroubaceae
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medicinal plants are also classified according to their taxonomic position

(Athar &Ahmad2004; Athar & Nasir 2004; Athar & Siddiqi 2004; Duke

1997;Moerman 1986, 1991, 1996; Taylor 1998,2004). Athar & Siddiqi

(2004) described the taxonomy, distribution and flowering period of 95

species used as medicinal flowers in Pakistan. In another study, Athar

& Ahmad (2004) studied the taxonomy of medicinal legume trees of

Pakistan. In their most recent paper Athar & Nasir (2004) described the

taxonomy of 78 plant species yielding vegetable oil used in cosmetics

and skin and body care products.

Rainforest plants are rich in secondary metabolites, particularly

alkaloids. Biochemists believe alkaloids protect plants from disease and

insect attacks. Many alkaloids from higher plants have proven to be of

medicinal value and benefit. Currently, 121 prescription drugs currently

sold worldwide come from plant-derived sources. And while twenty-

five percent of western pharmaceuticals are derived from rainforest

ingredients, less than one percent of these tropical trees and plants have

been tested by scientists.

The US National Cancer Institute (NCI) has several collaborative

programs that screen plants for the possibility of new drugs and active

plant chemicals for cancer and AIDS/HIV. Because well over fifty

percent of the estimated 250,000 plant species found on earth come from

tropical forests, NCI concentrates on these regions. Plants have been

collected from the African countries of Cameroon, the Central African

Republic, Gabon, Ghana, Madagascar, and Tanzania. Collections are

now concentrated in Madagascar (one of the most rapidly disappearing

rainforest regions in the world), and collaborative programs have been

established in South Africa and Zimbabwe.

In central and south America, samples have been collected from

Belize, Bolivia, Colombia, the Dominican Republic, Ecuador, Guatemala,

Guyana, Honduras, Martinique, Paraguay, Peru, and Puerto Rico. The

NCI has established collaborative programs in Brazil, Costa Rica,

Mexico, and Panama. Southeast Asian collections have been performed

in Bangladesh, Indonesia, Laos, Malaysia, Nepal, Pakistan, Papua New
Guinea, the Philippines, Taiwan, Thailand, and Vietnam. Collaborative
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programs have been established in Bangladesh, China, Korea, and

Pakistan. In each country, NCI contractors work in close collaboration

with local botanical institutions. The NCI has identified 3000 plants that

are active against cancer cells. Seventy percent of these plants are found

in the rainforest. Twenty-five percent of the active ingredients in today's

cancer-fighting drugs come from organisms found only in the rainforest

(Taylor 1998, 2004).

Shanley & Luz (2003) indicate the impacts of forest degradation on

medicinal plant use and implications for health care in eastern Amazonia.

They mention that over the last three decades, forest degradation in the

Brazilian Amazon has diminished the availability of some widely used

medicinal plant species. Results of their 9-year market study suggest

that forests represent an important habitat for medicinal plants used in

eastern Amazonia: nine of the 12 top-selling medicinal plants are native

species, and eight are forest based. Five of the top-selling species have

begun to be harvested for timber, decreasing the availability of their

barks and oils for medicinal purposes. Many of these medicinal plants

have no botanical substitute, and pharmaceuticals do not yet exist for

some of the diseases for which they are used (Ebadi 2002; Gaedcke et

al. 2003; Palaniswamy 2003; Ross 2003). Market surveys indicate that

all socioeconomic classes in Amazonia use medicinal plants because of

cultural preferences, low cost, and efficacy (Shanley & Luz 2003; Taylor

1998, 2004; Vandebroek et al. 2004). Degradation of Amazonian forests

may signify not only the loss of potential pharmaceutical drugs for the

developed world but also the erosion of the sole health care option for

many of Brazil's rural and urban poor (Newman 1994; Shanley & Luz

2003).

Plants have provided a good source of anti-infective agents; emetine,

quinine, and berberine remain highly effective instruments in the fight

against microbial infections (Iwa et al. 1999; Gaedcke et al. 2003).

Phytomedicines derived from plants have shown great promise in the

treatment of intractable infectious diseases including opportunistic AIDS
infections. Plants containing protoberberines and related alkaloids.
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picralima-type indole alkaloids and garcinia biflavonones used in

traditional African system of medicine, have been found to be active

against a wide variety of micro-organisms (Iwu et al. 1999). Some of

the rainforest medicinal plants such as cat's claw, guarana, muira puma

and suma (Table 1) provide more than one useful drug derivative that

are used to cure diseases including AIDS/HIV, cancer and leukemia,

while others possess aphrodisiac, diuretic, cardio-tonic and immuno-

stimulant properties (Duke 1997; Iwu et al. 1999; Schultes & Raffauf

1990; Werbach & Murray 1994).

The isoquinoline alkaloid emetine obtained from the underground

part oi Carapichea ipecacuanha (= Cephaelis ipecacuanha), and related

species, has been used for many years as an amoebicidal drug as well

as for the treatment of abscesses due to the spread of Escherichia

histolytica infections. Another important plant drug with a long history

of use is quinine (Iwu et al. 1999). This alkaloid occurs naturally in

the bark of Cinchona tree. Apart from its continued usefulness in the

treatment of malaria, it can also be used to relieve nocturnal leg cramps.

Currently, the widely prescribed drug chloroquine is analogs to quinine.

Some strains of malarial parasites have become resistant to the quinines;

therefore anti-malarial drugs with novel modes of action are required.

Higher plants have made important contributions in the areas beyond

anti-infectives, such as cancer therapies. Early examples include the

anti-leukemia alkaloids, vinblastine and vincristine, which were both

obtained from Madagascan periwinkle (Nelson 1982). Vinblastine

and vincristine, extracted from the rainforest plant periwinkle, are one

of the world's most powerful anti-cancer drugs. These drugs have

dramatically increased the survival rate for acute childhood leukemia

since their discovery (Gaedcke et al. 2003; Nelson 1982; Taylor 1998,

2004). Vincristine is also used to treat diabetes, fevers, and malaria,

to regulate menstrual cycles, to ease excessive menstrual bleeding and

as a euphoriant (feeling of well-being) (Gaedeke et al. 2003; Nelson

1982; Taylor 1998, 2004). In 1983, there were no U.S. phannaceutical

manufacturers involved in research programs to discover new drugs or

cures from plants. Today, over 1 00 pharmaceutical companies and several
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branches of the USgovernment are engaged in plant research projects for

possible drugs and cures for viruses, infections, cancer and even AIDS.

All plant species contain poisonous, medicinal and nutritional

compounds (Ross 2003; Schultes & Raffauf 1990). We credit our

forefathers with the intelligence to have discovered which species around

them were poisonous and which were edible. Yet we sometimes seem

reluctant to credit them with discovering those intennediate properties we

call medicinal activities. Our forefathers discovered many, if not most

of the important medicinal species tabulated herein. Famsworth (1988)

calculated that seventy-four percent of 119 plant-derived drugs were

discovered as a result of chemical studies to isolate the active substances

responsible for their traditional use. In other words, we are indebted to

our forefathers' empirical observations for about seventy-five percent of

these currently used botanicals. Wemay expect new discoveries and

uses among these same species very soon in the coming years (Iwu et al.

1999; Palaniswamy 2003).

Evolution argues quietly for the natural drug, while economics

argues loudly for the unnatural drug. Pharmaceutical firms do actively

study potential medicinal plants, discovering bioactive compounds,

which, with some molecular modifications, become proprietary, enabling

them to recoup their investment. Here are just a few reported new uses

for compounds from well-known old medicinal species: anabasine as

anti-fumitory, artemisinin for malaria, chymopapain for disc problems,

colchicine for cirrhosis, cynarin for choleretic activity, huperzine

for anti-cholinesterase activity, hypericin for anti-retroviral activity,

gammalinolenic acid for atopic eczema, lobeline as an anti-fumitory,

pilocarpine for xerostomia, polygodiol for anti-yeast activity, psoralen for

leukemia, sanguinarine for anti-plaque activity, silymarin for hepatitis,

taxol for anti-tumor activity, tetrahydrocannabinol for glaucoma, and

yohimbine for serotinergic activity.

Somewhere in the tropics, there are probably compounds that will

alleviate or correct every ailment known to mankind. Let us only hope

someone finds them before the species and tropical medicine chest
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become extinct (Newman 1994; Schultes & Raffauf 1990). The survival

of mankind is intimately dependent on the survival of forests. The more

diverse tropical floras, containing more biologically active compounds,

are even more threatened than the better studied temperate floras.

ACKNOWLEDGMENTS

Special gratitude is expressed to Dr. Joseph H. Kirkbride, USDA,

Agricultural Research Service, Beltsville, MD, for his help in checking

the nomenclature and taxonomy of the plants. Thanks are due to Dr.

M. Akmal Siddiqi, Marshfield Clinic Research Foundation, Marshfield,

WI, for very constructive criticism, positive comments and valuable

suggestions that improved the quality of the manuscript. Appreciations

are extended to Dr. Ina Vandebroek, Ghent University, Ghent, Belgium

for providing many references and original reprints that helped in the

preparation of this paper.

REFERENCES

Alio, C.N. 1996. Rainforests Around the World. The University of

Illinois, IL.

Arvigo, R. and M.J. Balick. 1993. Rainforest Remedies, One Hundred

Healing Herbs of Belize. Lotus Press, Twin Lakes, WI.

Athar, M. and Z. Ahmad. 2004. Taxonomy, distribution and medicinal

uses of medicinal legume trees of Pakistan. Sida 21 (2): In Press.

Athar, M. and S.M. Nasir. 2004. Taxonomic perspectives of plant species

yielding vegetable oils used in cosmetics and skin care products. Int.

J. Biol. Biotechnol. 1 (4): In Press.

Athar, M. and M.A. Siddiqi. 2004. Some reflections on the taxonomy of

medicinal flowers of Pakistan. Sida 21:357-369.



Phytologia (Dec 2004) 86(3) 1 97

Bailey, L. H. and E.Z. Bailey. 1976. Hortus Third: AConsise Dictionary

of Plants Cultivated in United State and Canada. Revised. MacMillan,

NewYork, NY.

Brummitt, K.R. and C.E Powell (eds.). 1992. Authors of Plant Names.

Royal Botanic Gardens, Kew, UK.

Duke, J. A. 1997. The Green Pharmacy. Rodale Press, Emmaus, PA.

Ebadi, M. 2002. Pharmacodynamic Basis of Herbal Medicine. CRC
Press, Boca Raton, FL.

Farnsworth, N.R. 1988. Screening plants for new medicines. In: E.G.

Wilson (ed.), Biodiversity, pp 83-97, National Academy Press,

Washington, DC.

Foster, S. and J. A. Duke. 1990. A Field Guide to Medicinal Plants:

Eastern and Central North America. Houghton Mifflin Co., Boston,

MA.

Gaedcke, F., B. Steinhoff, and H. Blasius. 2003. Herbal Medicinal

Products. Medpharma Science Publishers, Stuttgart, and CRCPress

Boca Raton, FL.

Iwa, M.M., A.R. Duncan, and CO. Okunji. 1999. Newantimicrobials

of plant origin. In: J. Janick (ed.). Perspectives on New Crops and

NewUses, pp. 457-462, ASHSPress, Alexandria, VA.

Joyce, C. 1994. Earthly Goods: Medicine Hunting in the Rainforest.

Little Brown & Co., NewYork, NY.

Moerman, D.E. 1986. Medicinal Plants of North America. Museumof

Anthropology, University of Michigan, Ann. Arbor, MI.

Moerman, D.E. 1991. The medicinal flora of native North America: an

analysis. J. Ethnopharmacol. 31:1-42.



1 98 Phytologia (Dec 2004) 86(3)

Moerman, D.E. 1996. An analysis of the food plants and drug plants of

native North America. J. Ethnopharmacol. 52:1-22.

Nelson, R. 1982. The comparative clinical pharmacology and

pharmacokinetics of vindesine, vincristine and vinblatine in human

patients with cancer. Med. Pediatr. Oncol. 10:115-127.

Newman, E.B. 1994. Earth's vanishing medicine cabinet: Rainforest

destruction and its impact on the pharmaceutical industry. Amer. J.

Law «fe Med. 20:479-501.

Palaniswamy, U.R. 2003. A Guide to Medicinal Plants of Asian Origin

and Culture. CPL Scientific Publishing Services Ltd., Newbury,

UK.

Ross, LA 2003. Medicinal Plants of the World - Chemical Constituents,

Traditional and ModemUses. Volume 1, Second Edition. Humana

Press, Totowa, NJ.

Shanley P., and L. Luz. 2003. The impacts of forest degradation on

medicinal plant use and implications for health care in Eastern

Amazonia. BioScience 53:573-584.

Schultes, R.E. and R.F. Raffauf. 1990. The Healing Forest. Medicinal

and Toxic Plants of the Northwest Amazonia. R.F. Dioscorides

Press, Portland, OR.

Terborgh, J. 1992. Diversity and the Tropical Rainforest. Scientific

American Library, NewYork, NY.

Taylor, L. 1998. Herbal Secrets of the Rainforest. Prima Publishing,

Inc., Rocklin, CA.

Taylor, L. 2004. The Healing Power of Rainforest Herbs. Square One

Publishers, Inc., Garden City Park, NY.



Phytologia (Dec 2004) 86(3) 1 99

Vandebroek, I., P. Van Damme, L. Van Puyvelede, S. Arrazola, and

N. De Kimpe. 2004. A comparison of traditional healers' medicinal

plant knowledge in the Bolivian Andes and Amazon. Soc. Sci. Med.

59:837-849.

Werbach, M. R. and M.T. Murray. 1994. Botanical Influences on

Illness - A Sourcebook of Clinical Research. Third Line Press:

Tarzana, CA.


